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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a display 
unit of an input integral type for a handwriting input used 
in an office automation (OA) equipment and an audio 
visual device. 

2. Description of the Related Art 

[0002] Recently, requirements for a display unit 
having a large size and a large display capacity have 
been increased as an information-oriented society is 
advanced. A cathode ray tube (CRT) called the present 
king of a display is developed to satisfy these require- 
ments. The CRT is more precisely constructed and is 
large-sized in development. For example, the CRT 
approximately has a size of 40 inches at its maximum in 
the case of a direct viewing type and has a size of 200 
inches at its maximum in the case of a projecting type. 
[0003] However, the problems of a weight and a 
depth of the CRT are more serious in realization of the 
display unit having a large-sized structure and a large 
capacity. Accordingly, it is very desirable to provide a 
method for basically solving these problems. 
[0004] A plane type display unit performs a display- 
ing operation using a displaying principle different from 
that of the general CRT. The plane type display unit is 
steadily researched to provide a high display quality 
required for a high vision and a display for a high per- 
formance engineering work station (EWS) although the 
plane type display unit at the present time is widely used 
for a word processor, a personal computer, etc. 
[0005] For example, the plane type display unit is 
constructed by an electroluminescent panel (ELP), a 
plasma display panel (PDP), a fluorescent display tube 
(VFD), an electronic display unit (ECD), a liquid crystal 
display unit (LCD), etc. In these display units, etc., the 
liquid crystal display unit (LCD) is most promising in 
consideration of easiness of realization of a full color 
and matching with a large scale integrated circuit (LSI). 
Accordingly, a technique of the LCD is most greatly 
advanced. 

[0006] The LCD is generally divided into an LCD of 
a simple matrix driving type and an LCD of an active 
matrix driving type. The LCD of a simple matrix driving 
type has a structure for sealing a liquid crystal into an 
XY matrix type panel in which a pair of glass substrates 
are opposed to each other such that electrodes each 
formed in the shape of a stripe are perpendicular to 
each other. The LCD of a simple matrix driving type per- 
forms a displaying operation by using rapid responsive 
display characteristics of a liquid crystal. 
[0007] In contrast to this, the LCD of an active 
matrix driving type has a structure for directly adding a 



nonlinear element to a picture element. The LCD of an 
active matrix driving type performs a displaying opera- 
tion by positively using nonlinear characteristics such as 
switching characteristics of each of elements. Accord- 

5 ingly, no LCD of an active matrix driving type greatly 
depends on the display characteristics of a liquid crystal 
in comparison with the LCD of a simple matrix driving 
type. Accordingly, it is possible to realize a display unit 
providing a high contrast and a high speed response. 

w [0008] The above nonlinear element is divided into 
nonlinear elements of two and three terminal types. The 
nonlinear element of a two-terminal type has a structure 
of metal-insulator-metal (MIM), a diode, etc. In contrast 
to this, the nonlinear element of a three-terminal type 

15 has a thin film transistor (TFT), a silicon metal oxide 
semiconductor (Si-MOS), silicon-on-sapphire (SOS), 
etc. 

[0009] In view of uses of the LCD in their markets, a 
lap top personal computer and a palm top personal 

20 computer having the LCD of a simple matrix driving type 
and the LCD of an active matrix driving type are promis- 
ing as goods for extending the markets. 
[001 0] In particular, an input device of information is 
important in a portable information remote terminal 

25 such as the palm top personal computer. In this input 
device of information, a handwriting input function is 
strongly required to omit a space for a keyboard. 
[001 1 ] In the general display unit, a tablet digitizer is 
mainly arranged outside a liquid crystal panel to fulfill 

30 this handwriting input function so that the inputting posi- 
tion of a pen is detected by a tablet. This tablet is con- 
structed by an electromagnetic induction system, an 
electromagnetic giving-receiving system, a resistance 
pressure sensitive system, an electrostatic coupling 

35 system, an acoustic system, an optical system, etc. 
[0012] The above-mentioned tablet detecting sys- 
tems have the following problems. 
[001 3] In the electromagnetic induction system, rel- 
atively high resolution can be obtained, but power con- 

40 sumption is large and the weight of a display unit is 
heavy and the display unit tends to be influenced by a 
magnetic field. 

[0014] In the electromagnetic giving-receiving sys- 
tem, relatively high resolution can be obtained, but 

45 power consumption is large as a demerit. 

[0015] In the resistance pressure sensitive system, 
cost of the display unit is reduced in comparison with 
the other tablet detecting systems, but there is a prob- 
lem about the uniformity of a resistance value and reso- 

so lution is bad and resistor sheets tend to be damaged so 
that durability of the display unit is bad. 
[0016] In the electrostatic coupling system, rela- 
tively high resolution can be obtained, but it is difficult to 
set an optical pen to be wireless and power consump- 

55 tion is relatively large. Further, the display unit tends to 
be influenced by static electricity. 
[0017] In the acoustic system, the structure of a 
detecting circuit is complicated and the display unit 
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tends to be influenced by a circumferential environment. 
[0018] In the optical system, resolution of the dis- 
play unit is bad. 

[001 9] As mentioned above, it is impossible to suffi- 
ciently provide a satisfactory display unit in each of the 
above-mentioned tablet detecting systems. Further, 
each of these tablet detecting systems is arranged in an 
upper or lower portion of a liquid crystal panel so that 
inputting and displaying positions of characters, etc. are 
shifted from each other in accordance with a parallax. 
[0020] Thus, one problem addressed by this appli- 
cation is eliminating parallax errors. JP-A-4- 127313 
does not overcome this problem. JP-A-4 127313 dis- 
closes a substrate having only input means - if this sub- 
strate is used in a display device, the means for driving 
the liquid crystal will necessarily be on the other sub- 
strate, so that the driving means and the input means 
will be on different substrates. This will give rise to par- 
allax errors. 

[0021] The preamble of claim 1 is based on EP-A- 
384 509. In EP-A- 384 509 the input means and the out- 
put means are placed on the same substrate, so that 
parallax errors will not oocur. However, in EP-A- 384 
509 the input means and the driving means are both 
electrical circuits. As they are both disposed on the 
same substrate interference will occur between the 
input means and the driving means, owing to parasitic 
capacitances between the wiring of the input means 
and the wiring of the driving means. 
[0022] It is therefore an object of the present inven- 
tion to provide a display unit of an input integral type in 
which the display unit has small power consumption and 
light weight and is not easily influenced by a magnetic 
field, static electricity and a circumferential environ- 
ment, and resolution and durability of the display unit 
are improved and the display unit has a detecting circuit 
having a simplified structure and no inputting and dis- 
playing positions are shifted from each other in accord- 
ance with a parallax. 

[0023] The present invention provides a display unit 
having a liquid crystal display panel and an input 
means; the liquid crystal display panel comprising two 
substrates, a liquid crystal disposed between the sub- 
strates; and drive means for driving the liquid crystal, 
the drive means comprising picture element electrodes; 
wherein the input means comprises signal conductors 
arranged in a matrix of X-conductors and Y-conductors; 
and wherein the picture element electrodes and at least 
the X-conductors or the Y-conductors are disposed on 
the inner surface of the same one of the substrates; 
characterised in that the signal conductors are optical 
waveguides for guiding light parallel to the surfaces of 
the substrates. 

[0024] In the above display unit, an optical 
waveguide is integrally formed in the shape of a matrix 
and approximately guides light having a predetermined 
wavelength in parallel with a surface of a display sub- 
strate. Accordingly, the position of an optical pen can be 



detected by an inputting operation thereof. Further, the 
optical waveguide having the matrix shape can be 
formed between display picture elements so that a 
numerical aperture in display can be improved. Further, 

5 various kinds of processing circuits such as a handwrit- 
ing position detecting circuit, a character recognizing 
circuit, etc. can be integrated on a glass substrate or a 
silicon monocrystal substrate so that a very compact 
display unit can be realized. 

10 [0025] In accordance with the present invention, in 
a general system for laminating a tablet with a display 
panel, it is possible to solve the problems with respect to 
thickness, weight and power consumption of the display 
unit, an accuracy in display position in accordance with 

is a parallax, wireless of the optical pen and bad influ-* 
ences of changes in environment of magnetic and elec- 
trostatic fields on display. Accordingly, the present 
invention can be widely applied to various kinds of office 
automation (OA) equipments using a computer such as 

20 a lap top personal computer, a word processor, etc. In 
particular, the display unit of an input integral type in the 
present invention can be most effectively used for a 
compact portable remote terminal such as a palm top 
computer, an electronic pocket notebook, etc. 

25 [0026] Further objects and advantages of the 
present invention will be apparent from the following 
description of the preferred embodiments of the present 
invention as illustrated in the accompanying drawings. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] 

Fig. 1 is a view showing a tablet of an electromag- 
35 netic induction system according to the related art; 
Fig. 2 is a view showing a tablet of an electromag- 
netic giving-receiving system according to the 
related art; 

Fig. 3 is a view showing a tablet of a resistance 
40 pressure sensitive system according to the related 
art; 

Fig. 4 is a view showing a tablet of an electrostatic 
coupling system according to the related art; 
Fig. 5 is a perspective view showing a display unit 
45 of an input integral type in accordance with one 
embodiment of the present invention; 
Rg. 6 is a cross-sectional view for explaining a 
switching element included in the embodiment of 
Figure 5; 

so Figs. 7a and 7b are views showing liquid crystal 
panels; 

Figs. 8a and 8b are views showing other liquid crys- 
tal panels; 

Rg. 9 is a perspective view showing a display unit 
55 of an input integral type in accordance with another 
embodiment of the present invention; 
Rg. 10 is a view showing one example of the basic 
structure of an optical pen; and 
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Fig. 1 1 is a block diagram showing one example of 
a device for recognizing a handwritten character. 

[0028] Fig. 1 shows one example of a tablet of an 
electromagnetic induction system. s 
[0029] As shown in Fig. 1 , the tablet is constructed 
by a conductive pattern 1 and an exciting or cursor coil 
2. 

[0030] When diodes 5 are sequentially turned on by 
an X-axis ring counter 3 and a Y-axis ring counter 4, a 
voltage corresponding to each of these diodes is output- 
ted from a common terminal M. When art alternating 
current signal is simultaneously applied to the cursor 
coil 2, an induced electromotive force is generated on a 
scanning line. 

[0031] As a result, a composite wave provided by 
combining the turning-on voltage with the induced elec- 
tromotive force is generated from the common, terminal 
M. The composite wave is A/D-converted and is addi- 
tionally inputted to a maximum value detecting circuit. 
This maximum value detecting circuit has a function for 
detecting a maximum amplitude value of the composite 
wave. The maximum value detecting circuit also has a 
function for selecting a larger one of electromotive 
forces on right-hand and left-hand scanning lines adja- 
cent to a scanning line corresponding to the maximum 
amplitude value. Thus, it is possible to detect a cursor 
position by these functions. 

[0032] Fig. 2 shows one example of a tablet of an 
electromagnetic giving-receiving system. 
[0033] This electromagnetic giving-receiving sys- 
tem includes a tablet 6, an address portion 9 connected 
to the tablet 6, a giving-receiving selector 10, a sensor 
1 1 and a driver 12. The sensor 1 1 and the driver 12 are 
connected to a controller 13 and are selectively con- 
nected by the selector 10 to the address portion 9. 
[0034] An alternating current is applied onto a 
matrix line on the tablet 6 so that electromotive force is 
absorbed into a resonance circuit or coil 8 arranged 
within an indicator 7. At the next moment, the matrix line 
of the tablet 6 functions as a sensor and detects an 
electromagnetic wave generated by the resonance cir- 
cuit or coil 8 within the indicator 7. 
[0035] Fig. 3 shows one example of a tablet of a 
resistance pressure sensitive system. 
[0036] This resistance pressure sensitive system 
has an interlocking switch 19. Two resistor sheets 14 
and 15 respectively have electrodes 17 and 18 and are 
stuck to each other with a clearance. The sheets 14 and 
15 come in contact with each other by applying pres- 
sure onto these sheets so as to generate an electric 
potential. X and Y coordinates of this pressure are 
detected by the generated potential. Namely, a direct 
current voltage is applied to the resistor sheet 15 for an 
X-axis and a voltage generated by pressure in the resis- 
tor sheet 14 for a Y-axis is taken out so that an X-coor- 
dinate of this pressure is detected. The X and Y 
coordinates of pressure are alternately detected by 



applying voltages to the sheets on the X and Y axes by 
time division. 

[0037] Fig. 4 shows one example of a tablet of an 
electrostatic coupling system. 
[0038] In this electrostatic coupling system, rectan- 
gular waves having different phases are applied to both 
ends of electrodes 21 and 22. Positions of an optical 
pen 24 on X and Y axes are alternately detected by a 
switch 23. The pen 24 is electrically connected to a 
phase detecting circuit 27 through an amplifier 25 and a 
filter 26. X and Y coordinates of the pen 24 are provided 
by detecting a signal phase determined by the position 
of an ITO film 28 through the pen 24. 
[0039] In a tablet of an acoustic system, the position 
of an optical pen is provided by detecting a propagation 
time of a sound wave transmitted in the air or a surface 
wave propagated on a tablet surface, and an arrival time 
of a reflected wave. 

[0040] In a tablet of an optical system, a light emit- 
ting element is arranged on one of X and Y axes and a 
light receiving element is arranged on the other so as to 
detect a light interrupting position. 
[0041] The above-mentioned tablet detecting sys- 
tems have the following disadvantages. 

(1) In the electromagnetic induction system, rela- 
tively high resolution can be obtained, but power 
consumption is large and the weight of a display 
unit is heavy and the display unit tends to be influ- 
enced by a magnetic field. 

(2) In the electromagnetic giving-receiving system, 
relatively high resolution can be obtained, but 
power consumption is large as a demerit. 

(3) In the resistance pressure sensitive system, 
cost of the display unit is reduced in comparison 
with the other tablet detecting systems, but there is 
a problem about the uniformity of a resistance value 
and resolution is bad and the sheets tend to be 
damaged so that durability of the display unit is bad. 

(4) In the electrostatic coupling system, relatively 
high resolution can be obtained, but it is difficult to 
set the pen 24 to be wireless and power consump- 
tion is relatively large. Further, the display unit 
tends to be influenced by static electricity. 

(5) In the acoustic system, the structure of a detect- 
ing circuit is complicated and the display unit tends 
to be influenced by the ambient environment. 

(6) In the optical system, resolution of the display 
unit is bad. 

[0042] As mentioned above, it is impossible to suffi- 
ciently provide a satisfactory display unit in each of the 
above-mentioned tablet detecting systems. Further, 
each of these tablet detecting systems is arranged in an 
upper or lower portion of a liquid crystal panel so that 
inputting and displaying positions of characters, etc. are 
shifted from each other in accordance with a parallax. 
[0043] In accordance with the present invention, an 
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input device as a pen can be set to be wireless and opti- 
cal waveguides in X-axis and Y-axis directions are 
formed on a substrate constituting a liquid crystal dis- 
play element to realize low power consumption and high 
resolution and provide preferable environmental adap- 
tation. Further, a light receiving element for sensing a 
predetermined optical signal is disposed in an end por- 
tion of each of the optical waveguides. An optical pen is 
used as the input device and is constructed by a light 
emitting element such as a laser, a light emitting diode 
(LED), etc. 

[0044] In Fig. 9, a silicon monocrystal substrate 30 
and a glass substrate 31 are opposed to each other and 
a liquid crystal 32 is sealed into a clearance between 
the silicon monocrystal substrate 30 and the glass sub- 
strate 31. The silicon monocrystal substrate 30 has a 
liquid crystal driver portion 33 and an unillustrated 
active element as a picture element. The picture ele- 
ment is constructed by an electric circuit including a 
transistor and an electrode. The electric circuit is formed 
below a picture element electrode as a picture element 
electrode portion 38 described later. A transparent elec- 
trode 37 is uniformly formed on the glass substrate 31 . 
An active matrix driving operation of the liquid crystal is 
performed between the silicon monocrystal substrate 
30 and the glass substrate 31 . 
[0045] The picture element electrode portion 38 is 
formed on the silicon monocrystal substrate 30 and is 
also used as a reflecting electrode. There is no picture 
element between picture element electrode portions 38. 
An optical waveguide 36, an X(or Y)-sensor portion 34 
and a Y(or X)-sensor portion 35 are formed in an X or Y 
direction between the picture element electrode por- 
tions 38. 

[0046] The optical waveguide is formed by using an 
inorganic or organic material. For example, the inor- 
ganic material uses a laminated layer of Si0 2 , Si 3 N 4> 
Ge0 2 , Ti0 2 , etc., or an embedding structure of a glass 
fiber. The organic material uses polyimide, epoxy resin, 
polyurethane, PMMA, etc. 

[0047] An optical waveguide in the Y or X direction 
is formed in the glass substrate 31 opposed to the sili- 
con monocrystal substrate 30 such that this optical 
waveguide crosses the optical waveguide of the silicon 
monocrystal substrate 30 and is located in a substrate 
portion in which no picture element is formed. 
[0048] The optical waveguide is formed from the 
inorganic material by using a chemical vapor deposition 
(CVD) method, aflame accumulating method, a sputter- 
ing method, etc. In the case of the glass substrate, the 
optical waveguide can be formed by an ion exchange 
method using heat and the application of an electric 
field. In a general method for manufacturing the optical 
waveguide, an inorganic salt including ions for doping of 
K, Ag, Ti, Cs, etc. is melted. For example, these ions are 
exchanged for ions of Na and F in the glass substrate to 
form a high refractive index portion. 
[0049] The optical waveguide can be also formed 



by using an embedding structure in which an optical 
fiber is embedded into a groove after the groove is 
mechanically or optically formed in each of the sub- 
strates. 

5 [0050] In the case of the organic material, the opti- 
cal waveguide is formed by a spin coating method, a 
dipping method, a sol-gel processing method, etc. Fur- 
ther, to guide light, core and clad layers can be formed 
by orienting an electric field to break central symmetric 

10 properties of a polar molecule and a side chain polar 
group, thereby causing an optical nonlinear property. 
The core and clad layers can be also formed by using a 
change in refractive index caused by a difference in ori- 
entation of the electric field. The optical waveguide can 

15 be also formed by another method using the formation 
of an LB film. The optical waveguide can be further 
formed by an organic crystal constructed by using a sol- 
vent evaporation method and a melting method. 
[0051 ] A photosensor is formed in an end portion of 

20 each of the optical waveguides on the silicon substrate 
in the X and Y directions. An end portion of the optical 
waveguide formed on the glass substrate in the Y or X 
direction is recessed or projected to leak light onto the 
silicon substrate. The photosensor on the silicon sub- 

25 strata is formed in a position for receiving this leaked 
light. 

[0052] The display unit of an input integral type is 
operated as follows. 

[0053] When an optical pen having a light emitting 

30 element such as a laser, an LED, etc. comes in contact 
with an upper substrate, a light component having an 
incident angle in conformity with a light guiding condi- 
tion with respect to light incident to a contact portion of 
the upper substrate is guided along an optical 

35 waveguide formed on the glass substrate and an optical 
waveguide formed on the silicon substrate such that this 
optical waveguide is perpendicular to the optical 
waveguide on the glass substrate. Thus, X and Y coor- 
dinates of the contact portion are determined by a pho- 

40 tosensor located in each of X and Y positions of end 
portions of the optical waveguides. 
[0054] In this case, one problem is to separate an 
optical output signal from ambient light by the optical 
pen in consideration of an influence of the ambient light. 

45 [0055] To solve this problem, a wavelength of light 
of the optical pen is separated from a dominant wave- 
length of the ambient light and a light output of the opti- 
cal pen attains turning-on and turning-off states in 
accordance with specified frequency and light intensity. 

so Further, the optical output signal can be separated from 
the ambient light by sufficiently improving sensitivity of 
the photosensor to remove the influence of the ambient 
light. 

[0056] Fig. 1 0 shows one example of a basic struc- 
55 ture of the optical pen using a laser. 

[0057] The basic structure includes a lens 50, a 
laser 51, a voltage control section 52, a power source 
section 53 and a switch 54. 
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[0058] When the optical pen comes in contact with 
a liquid crystal panel, the switch 54 is turned on and 
light is emitted from the laser 51 . This light is incident to 
a liquid crystal layer portion of the liquid crystal panel 
such that this light is focused in this liquid crystal layer 
portion. Namely, light formed in the shape of a small 
point is incident to the liquid crystal panel so that the 
number of waveguides for guiding this light in X and Y 
directions is small. It is possible to mechanically provide 
an additional function in which a focal point is defo- 
cussed and a light spot having a large diameter is inci- 
dent to the liquid crystal panel when the optical pen is 
strongly pushed. In this case, the number of 
waveguides for guiding light in the X and Y directions is 
greater than that in the case of the above small point. 
[0059] Accordingly, in the input device of the 
present invention, it is possible to control the thickness 
of a character in accordance with a handwriting pres- 
sure although it is difficult to control this thickness in the 
general input device. 

[0060] If a position of the optical pen can be 
detected, it is possible to realize a handwritten charac- 
ter recognizing device for recognizing a handwritten 
character in combination with a computer. 
[0061] Fig. 11 is a block diagram showing an 
embodiment of the construction of this handwritten 
character recognizing device. 
[0062] As shown in Fig. 1 1 , this handwritten charac- 
ter recognizing device has a display panel 60. A compu- 
ter 62 includes a character recognizing section 64 and a 
stroke data generating section 63. An optical pen posi- 
tion detecting section 61 detects a position of the optical 
pen on the display panel 60 on the basis of a signal 
transmitted from the display panel 60 in accordance 
with light from the optical pen. The computer 62 recog- 
nizes characters, figures, marks, etc. on the basis of 
detected position data and displays the recognized 
characters, etc. on the display panel 60 through a dis- 
play control section 65. 

[0063] The optical pen position detecting section 
61 , the computer 62, the stroke data generating section 
63 and the character recognizing section 64 can be inte- 
grated as a liquid crystal display (LCD). In particular, if a 
substrate is formed by using a silicon monocrystal, it is 
possible to provide a desirable display unit of an input 
integral type with high integration. 
[0064] In accordance with the present invention, the 
position of an optical pen can be detected by forming an 
optical waveguide within a display panel. Further, a 
handwritten character, etc. can be recognized by com- 
bining the display unit with a computer. When the dis- 
play unit is thick in a general system for laminating a 
tablet panel with the display panel, the display unit 
becomes heavy and large power consumption is 
required and a large error in position accuracy is caused 
in accordance with a parallax. However, no such prob- 
lems are caused in the present invention. Further, since 
an input pen can be wirelessly constructed, an inputting 



operation of the pen can be simplified and the size of a 
character can be selected by a handwriting pressure. 
[0065] Waveguides in X and Y directions can be 
formed on a silicon monocrystal substrate or a glass 

s substrate. Further, the present invention can be applied 
to a display element constructed by a pair of glass sub- 
strates as a liquid crystal panel. Figs. 7a and 8b show 
concrete examples of such structures. Reference 
numerals 70, 71 , 72 and 73 respectively designate a sil- 

10 icon or glass substrate, a silicon substrate and a glass 
substrate and an optical waveguide. 
[0066] In Fig. 7a, optical waveguides 73 in X and Y 
directions are arranged on a silicon or glass substrate 
70 such that these optical waveguides 73 cross each 

is other. A glass substrate 72 is disposed on the optical 
waveguides 73. 

[0067] In Fig. 7b, optical waveguides 73 in X and Y 
directions are arranged on a glass substrate 72 formed 
on a silicon substrate such that these optical 

20 waveguides 73 cross each other. 

[0068] In Fig. 8a, a glass substrate 72 is arranged 
on the silicon or glass substrate 70 and one optical 
waveguide 73 is arranged on one side of the glass sub- 
strate 72 facing the silicon or glass substrate 70. 

25 Another optical waveguide 73 is arranged on the other 
side of the glass substrate 72 such that the optical 
waveguides 73 cross each other. 
[0069] In Fig. 8b, optical waveguides 73 are respec- 
tively arranged on two opposite glass substrates 72 

30 such that these optical waveguides 73 cross each other. 
[0070] In view of a display driving method, the 
present invention in this embodiment can be applied to 
the above simple matrix driving method or the above 
active matrix driving method. In particular, the present 

35 invention in this embodiment can be preferably applied 
to the active matrix driving method in consideration of a 
display quality. 

[0071] Further, a liquid crystal driver, various kinds 
of memory circuits, various kinds of functional circuits of 

40 a photosensor, etc. can be integrally formed with a tran- 
sistor of a display picture element. Furthermore, 
another large scale integrated circuit (LSI) of a central 
processing unit (CPU), etc. can be easily formed with 
high integration. Accordingly, it is desirable to particu- 

45 larly apply the present invention to a liquid crystal dis- 
play (LCD) of an active matrix type using a silicon 
monocrystal substrate. 

[0072] A switching element having an electrode 
structure of a reflecting type can be formed by using a 
so MOS semiconductor process with respect to the silicon 
monocrystal substrate. Fig. 6 shows this electrode 
structure. 

[0073] In this electrode structure, a storage capaci- 
tor is formed between a silicon substrate 80 and a p- 
55 type silicon film 41 through an insulating film. The stor- 
age capacitor is disposed as a means for supporting the 
hold of electric charges implanted into a picture element 
between a writing period and the next writing period. 
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[0074] A picture element electrode 42 is also used 
as a reflecting film and is made of aluminum (Al). The 
picture element electrode 42 is recessed and projected 
by coating an insulating layer 43 of SiNx below alumi- 
num with a resist and photolithographing a surface of 
this resist. 

[0075] Reference numerals 44, 45 and 46 respec- 
tively designate a field oxide film, a source line and a 
common electrode. Reference numerals 81 and 82 
respectively designate a glass substrate and a liquid 
crystal. The number of picture elements is set to 240 x 
380 and a screen size is set to 3 inches. 
[0076] An optical waveguide 47 is formed as fol- 
lows. 

[0077] An Si0 2 layer is formed by sputtering and an 
Si0 2 -Ta 2 0 5 layer is then formed and patterned. There- 
after, an Si0 2 film is again formed by sputtering and is 
patterned. 

[0078] In the above manufacturing method, an opti- 
cal waveguide is formed in an X-axis direction in a por- 
tion of a silicon substrate in which there is no picture 
element. An optical waveguide is also formed in a Y-axis 
direction in a portion of a glass substrate in which there 
is no picture element. A photosensor is formed on the 
silicon substrate in an end portion of the optical 
waveguide and is connected to the optical waveguide 
on the silicon substrate in the X-axis direction through a 
light leaking portion. 

[0079] In contrast to this, a light leaking portion is 
also formed by etching in an end portion of the optical 
waveguide on the glass substrate in the Y-axis direction. 
A photosensor on the silicon substrate is arranged 
below this light leaking portion and is opposed to this 
light leaking portion. Fig. 5 shows an entire structure of 
the display unit of an input integral type in the present 
invention. In Fig. 5, reference numerals 85, 86 and 88 
respectively designate a silicon monocrystal substrate, 
an optical pen and a glass substrate. 
[0080] The liquid crystal used in the present inven- 
tion is manufactured as ZLI-2327 by MERCK Corpora- 
tion and is constructed by a liquid crystal of a guest-host 
type including a black coloring matter. A chiral sub- 
stance is added to the liquid crystal and d/p (p: spiral 
pitch, d: thickness of cell) is adjusted and set to 4. The 
liquid crystal uses a display mode of a White-Tailor-type 
in which a wall surface is vertically oriented. 
[0081] A laser is built-in the optical pen through a 
computer constructed as a peripheral device as shown 
in Fig. 11. When a handwriting operation of this optical 
pen is performed, a preferable handwriting function of 
the optical pen is fulfilled. 

[0082] As mentioned above, an optical waveguide 
is integrally formed in the shape of a matrix and approx- 
imately guides light having a predetermined wavelength 
in parallel with a display substrate surface. Accordingly, 
the position of an optical pen can be detected by an 
inputting operation thereof. Further, the optical 
waveguide having the matrix shape can be formed 



between display picture elements so that a numerical 
aperture in display can be improved. Further, various 
kinds of processing circuits such as a handwriting posi- 
tion detecting circuit, a character recognizing circuit, 
5 etc. can be integrated on a glass substrate or a silicon 
monocrystal substrate so that a very compact display 
unit can be realized. 

[0083] In accordance with the present invention, in 
a general system for laminating a tablet with a display 

10 panel, it is possible to solve the problems with respect to 
thickness, weight and power consumption of the display 
unit, an accuracy in display position in accordance with 
a parallax, wireless of the optical pen and bad influ- 
ences of changes in environment of magnetic and elec- 

75 trostatic fields on display. Accordingly, the present 
invention can be widely applied to various kinds of office 
automation (OA) equipments using a computer such as 
a lap top personal computer, a word processor, etc. In 
particular, the display unit of an input integral type in the 

20 present invention can be most effectively used for a 
compact portable remote terminal such as a palm top 
computer, an electronic pocket notebook, etc. 
[0084] Many widely different embodiments of the 
present invention may be constructed without departing 

25 from the scope of the present invention. It should be 
understood that the present invention is not limited to 
the specific embodiments described in the specification, 
but is defined in the appended claims. 

30 Claims 

1. A display unit having a liquid crystal display panel 
and an input means; the liquid crystal display panel 
comprising two substrates (30. 31, 70, 72, 80, 81), 
35 a liquid crystal (32, 82) disposed between the sub- 
strates and drive means (42, 46) for driving the liq- 
uid crystal, the drive means comprising picture 
element electrodes (42); 

wherein the input means comprises signal 
40 conductors arranged in a matrix of X-conductors 
and Y-conductors; 

wherein the picture element electrodes and 
at least the X-conductors or the Y-conductors are 
disposed on the inner surface of the same one of 
45 the substrates; 

characterised in that the signal conductors 
are optical waveguides (36, 47, 73) for guiding light 
parallel to the surfaces of the substrates. 

so 2. A display unit as claimed in claim 1 wherein the pic- 
ture element electrodes, the X-conductors and the 
Y-conductors are disposed on the same one of the 
substrates (70, 72, 80, 81). 

55 3. A display unit as claimed in claim 1 or 2, wherein 
said optical waveguides (36, 47, 73) are disposed 
between display picture elements. 
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4. A display unit as claimed in claim 1 , 2 or 3, wherein 
one of said substrates (30, 31, 70, 72, 80, 81) is 
constituted by a silicon monocrystal. 

5. A display unit as claimed in any one of claims 1 to s 

4, wherein said display unit further comprises an 
optical input device (86) having one of a light emit- 
ting diode and a laser therein. 

6. A display unit as claimed in any one of claims 2 to 10 

5, wherein light receiving elements (34, 35) are 
formed on the same one of the substrates (30, 31, 

70. 72, 80, 81) as the optical waveguides (36, 47, 
73) and the means (42, 46) for driving the liquid 
crystal. 75 

PatentansprQche 

1. Anzeigeeinheit mit einer FIQssigkristall-Anzeigeta- 

fel und einer Eingabeeinrichtung; wobei die Flus- 20 
sigkristall-Anzeigetafel zwei Substrate (30, 31, 70, 

71 , 72, 80, 81) mit einen zwischen diesen angeord- 
neten Flussigkristall aufweist; und mit einer 
Ansteuerungseinrichtung (42, 46) zum Ansteuern 
des Flussigkristalls, die zwei Bildelementelektroden 25 
(42) aufweist); 

- wobei die Eingabeeinrichtung Signaileiter auf- 
weist, die in einer Matrix von X-Leitern und Y- 
Leitern angeordnet sind; 30 
wobei die Bildelementelektroden und zumin- 
dest die X-Leiter oder die Y-Leiter auf der 
Innenseite desselben der Substrate angeord- 
net sind; 

dadurch gekennzeichnet, dass die Signallei- 35 
ter optische Wellenleiter (36, 47, 73) zum Fuh- 
ren von Licht parallel zu den Fiachen der 
Substrate sind. 

2. Anzeigeeinheit nach Anspruch 1 , bei der die Bild- 40 
elementelektroden, die X-Leiter und die Y-Leiter auf 
demselben der Substrate (70, 72, 80, 81) angeord- 
net sind. 

3. Anzeigeeinheit nach Anspruch 1 oder 2, bei der die 45 
optischen Wellenleiter (36, 47, 73) zwischen Anzei- 
gebildelementen angeordnet sind. 

4. Anzeigeeinheit nach Anspruch 1 , 2, oder 3, bei der 
eines der Substrate (30, 31 , 70, 71 , 72, 80, 81) aus so 
einem Silicium-Einkristall besteht. 

5. Anzeigeeinheit nach einem der AnsprOche 1 bis 4, 
die ferner eine optische Eingabevorrichtung (86) 

mit einer Lichtemissionsdiode oder einem Laser ss 
aufweist. 

6. Anzeigeeinheit nach einem der AnsprOche 2 bis 5, 
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bei der Lichtempfangselemente (34, 35) auf dem- 
selben der Substrate (30, 31 . 70, 71 , 72, 80, 81) wie 
die optischen Wellenleiter (36, 47, 73) und die Ein- 
richtung (42, 46) zum Ansteuern des Flussigkri- 
stalls ausgebildet sind. 

Revendications 

1. Unite d'affichage comportant un panneau d'affi- 
chage & cristaux liquides et un moyen d'errtrEe ; le 
panneau d'affichage k cristaux liquides comprenant 
deux substrats (30, 31 , 70, 71 , 72, 80, 81), des cris- 
taux liquides (32, 82) disposes entre les substrats ; 
et un moyen d'attaque (42, 46) pour attaquer les 
cristaux liquides, le moyen d'attaque comprenant 
des Electrodes d'EIEments d'image (42) ; 

dans laquelle le moyen d'entrEe comprend des con- 
ducteurs de signaux disposes suivant une matrice 
de conducteurs X et de conducteurs Y ; 
dans laquelle les Electrodes d'EIEments d'image et 
au moins les conducteurs X ou les conducteurs Y 
sont disposes sur la surface interieure du m§me 
substrat ; 

caractErisEe en ce que les conducteurs de signaux 
sont des guides d'onde optique (36, 47, 73) servant 
k guider la lumiEre parallElement aux surfaces des 
substrats. 

2. Unite d'affichage selon la revendication 1, dans 
laquelle les Electrodes d'EIEments d'image, les con- 
ducteurs X et les conducteurs Y sont disposes sur 
le mEme substrat (70, 72, 80, 81). 

3. Unite d'affichage selon la revendication 1 ou la 
revendication 2, dans laquelle lesdits guides d'onde 
optique (36, 47, 73) sont disposes entre les EIE- 
ments d'image d'affichage. 

4. Unite d'affichage selon la revendication 1 , la reven- 
dication 2 ou la revendication 3, dans laquelle i'un 
desdits substrats (30, 31, 70, 71, 72, 80, 81) est 
constituE par un monocristal de silicium. 

5. Unite d'affichage selon Tune quelconque des reven- 
dications 1 & 4, dans laquelle ladrte unite d'affi- 
chage comprend, en outre, un dispositif d'entrEe 
optique (86) comprenant soit une diode Electrolumi- 
nescente, soit un laser. 

6. Unite d'affichage selon I'une quelconque des reven- 
dications 2 & 5, dans laquelle les ElEments de 
rEception de lumiEre (34, 35) sont formEs sur le 
m§me substrat (30, 31, 70, 71, 72, 80, 81) que les 
guides d'onde optique (36, 47, 73) et que le moyen 
(42, 46) servant & attaquer les cristaux liquides. 
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